6333 i

DIRECTORATE OF PHYSICAL RESEARCH

RESEARCH BOARD, CANADA

DEFENCE

et s o At s e

A TECHNIQUE FOR
SUREMENT OF SWELLING PRESSURES OF MONTMORILLONITE

UNDER DEPRESSED TEMPERATURES i

(SOME SHEARING CHARACTERISTIES OF FROZEN SOIL) ,
(PART 2)

403 002 .

~ RAYMOND YONG and L.0. TAYLOR

-~

il ﬁ}‘

v

Ukl DYy

s . it H v
TISIA Q

’enam

GEOPHYSICS

SEPTEMBER, 1961
REPORT NO. D. Phys. R. (G) Misc. 7 OTTAWA



-ty

G-

UNCLASSIFIED
REPORT NO3 0. Phys, R, (G) Misc, 7
PROJECT NO: 0951 i-28
TITLE: A Techninue for Measurement of Swelling Pressures cf Montmorilionite under Depressed
Temperatures (Scme Shearing Characteristice of Frozen Soll) (Part 2)
AUTHORS 3 Raymond Yong and L, 0, Taylor
DATED: September, 196]
SECURITY GRADINGS UNCLALSIF (eD

INITIAL 0ISTRIBUTION: APRIL, 1963

3 - 0818 Clrcs UK Liaison Ofticer
| - CORE

| - C8¢

| - afcsc. (8)

1 - D Phys R

D Phys R {6)

DRNL

1

1

1 - PNL

| « DRM London
| - safces

: - safcas
i

{

4

- COR
- COps
- AOC, ATC
- Dept, of Mines and Tcchnical Surveys
| « Director General of Sclentific Services
| = Director, Geological Survey
| = Director, Geographical 8ranch
| = Geologlical Survey Library

2 - Dopt, of Ncrthern Affalrs and Naticnal Resources
| = Director, Nerthern Administration Lande Branch
| = Secs, Adviscry Committee on Northern Oevelopment
- Controller, Meteorologlcal Services, Dept, cf Transport
- Chalrman, 18Y Coordinating Committee, NRC
- Dirsctor, Bullding Research, NRC
~ Arctic institute of North America
~ McGiil Untversity, Dept, cf Geography (I - Prof, F. K, Hare, 1 - Or, S, Orvig)
- Unlversity of Toronto, Dept, of Phye{ca (Prof, Jo T, vlloons
~ Unlversity of British Cclumbls, Dept, cf Physics (Prof, Js A, Jacobs)
~ 8cott Polar Research institute
~ Britlsh Glaclologlcal Soclety
- Senlor Sandar:lzntlon Representative, US Army

—— e v \D = —— e -

| ~ 8now, {ce and Permafrost Research Est,
6 ~ Alr Attache, US Embasay

5 = Armed Services Technical Information Agency
| = Alr Force Camoridge Research Center
| <« UK Distribution

1 - Ministry of Aviation for:
= Technlcal Information and LIbrary Services,

| « ORM({W) for Lidbrary of Congress (CRREL)



M,Wmh .

DEFENCE RESEARCH BOARD

DEPARTMENT OF NATIONAL DEFENCE
CANADA

DIRECTORATE OF PHYSICAL RESEARCH
GRANTER'S REPORT

A TECHNIQUE FOR
MEASUREMENT OF SWELLING PRESSURES OF MONTMORILLONITE
UNDER DEPRESSED TEMPERATURES

(SOME SHEARING CHARACTERISTICS OF FROZEN SOIL)
(PART 2)
by

RAYMOND YONG and L.O. TAYLOR
MeGill University

REPORT NO. D. PHYS. R (G) MISC 7

DRB Project No. D9511.28 Received May, 1961
Published September, 1961

OTTAWA

gt A



FOREWORD

The following is an initiel report on the state
of progress of a general study of frozen soil characteris-
tics with specific reference to interparticle action under
depressed temperatures, sponsored by the Defence Research
Board in the form of a grant-in-aid research (Grant Sb.
9511-28 (G%C)), to Professor Carleton Craig, Chairman of
the Department of Civil Engineering and Applied Mechanios
at McGill University, Montreal, Que.

This particular phase of the study is concerned
with the evaluation of the behaviour of clay=water systems
subjected to depressed temperatures and involving electro-
chemical forces of interaction.

This report comcerns 1tself with the development
of the Gouy-Chapman theory as applied to solils, taking into
consideration the effeot of temperature and its influence

on the dielectric constant; and the instrumentation and

procedure for measurement of the resultant swelling pressure

which have been designed specifically for this study.
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INTRODUCTION

The oharacteristics of soil-water interaction under
normal temperatures and conditions have been determined. In
particular, studies on clay-water systems have been made
recently, relative to swelling pressures resulting from inter-
partiole action (Yong and Warkentin 1989; Warkentin et al 1957).
However, the effect of depressed temperatures on interparticle
action has never been clearly defined or well understood. For
an understanding of the meschanics of frost heaving and of the
properties and character of frozen soil, it is necessary to
understand specifically the interaction phenomena of a clay-
water system where the electro-chemical forces play a dominant
role.

PURPOSE OF STUDY

To determine the effect of depressed temperatures
on the swelling pressure of an oriented pure clay-water
system with reference to the interpretation of the role of
interparticle forces in Frozen Soil Engineering. This report,
however, is restricted to the application of the Gouy-Chapman
theory and the instrumentation and procedure for evaluation

of swelling pressure as affected by depressed temperatures.
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THEORY

Pure olay is generally defined as that fraction
of naturally oocourring soil having an effeotive particle
diameter of less than two miorons. Commonly ocourring oclay
minerals are usually plate shaped and carry a negative charge
of high density at their faces. Interaction between particles
of this size is dominated by eleotro-chemical forces arising
from physiocal reaction between the surface charge of the
particle and the media separating the particles. A qualita-
tive and quantitative estimation of particle interasction for
certain pure clay water systems can be obtained by the use
of the Gouy-Chapman Theory.

The Gouy-Chapman theory considers a negatively
charged plate in a media consisting of negatively and positive-
ly oharged ions., In attempting to establish electrical
equilibrium, the positively charged iomns flook to the surface
of the plate. However, due to the size and thermal energy of
the lons, electro-neutrality cannot be established in an
ionic monolayer and a diffuse double layer develops in whioch
the eleotric potential gradually diminishes to zero.

Figures 1 to 3 illustrate the development of the
diffuse doudble layer.
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The basic assumptions of the Gouy-Chapman theory
are expressed in the following three equations:
l -—
The Poisson Bquation - H - -‘-%P— (1)
The Boltzmann Equation 1, =N, e&a(-_ﬁ) (2)
and - W: =ZeV, (3)

where D = Dielectrio constant
e = @electronic charge
k. = Boltzmann constant

n, = No.of ions per unit volume
at point "4

7, = No.of ions per unit volume
in external solution

T = temperature °A

W; = work done in bdringing anion
to point "i"

x = distance from particle face

2 = ionic valence

e = surface charge density

¢ = electric potential
Bquation (1) establishes the relationship between the electric
potential ¥ and the distance from the particle face.
Bquation (2) expresses the ratio between the concentration of
ions at point "i" and that of the external or "bulk” solution.

Since the eleotric potential diminishes to zero in

the diffuse layer, then

¢ = DEen (4)
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While the cations are attracted to the plate a
certain number of anions will also enter the diffuse double
layer and hence equation (4) beoomes-

p =) (Ten'~ Fen) (s)
From R.(1) §% - —4L Y (Fen’-Fer) (6)

Substituting for (2) in (8) for the case of a symmetrical
electrolyte ‘

£ -smgen. frriim)-ooei] o

The boundary conditions for Eq.(7) are (refer to Fig.3)
(1) At the face of the plate i.e. x=0, ¥—=oo0 S_:Ec—-”

{2) At an infinite distance away i.e.x=o0, Y+o0 d¥—~o

dx
Let ’ -—_ifeY
1 kT
4. —ze dt¥ . (8)

Tdx*r kT dx*

Substituting Eq.(8) in (6)

%‘;“A; - ATEe, [exetp-expcn)]  (9)

or- dey _ smwEeLn, sinh y (10)
d x* DkT

1etting- - /_%_r_é%_h_ (11)
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d x*
and on integration (.ﬁ.ﬂ.)z.z"(_z costr.y4 C (13)
x

Solving for "C" by substitution of conditions ‘j’o ,_g.st_-—o
X

in Bquation (13)
ﬁ:& __K/Z(cosb.\j_|) (14)
»

rearrenging (16) _g_ﬂ_ - 2K sibyy,) (15)
X

gui dr_Sde (16)

and o, [co‘fh(\{“_)]_ Jﬁx +C. (17)

Solving for "C!' in Bq.(17) by substituting Y=o , Xx—=o0
la. feotl(y )= ¥x | (18)

or-

Y= b [cohKx)] a9
o y -_-_lzg‘zr..z. b, [cdh”%!ée__:_ﬂ. lz]] (20)

Bq. (20) cean be used to obtain the value of ¥ at distance Xx
for any one set of oconditions.

Due to the dipolarity of water, a clay partiocle
in water is analogous to the model used in the derivation
of Bq.(20). However, it has been assumed that (= as X=oO
This corresponds to a plane of infinite charge at the face
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of the plate and although the surface of typical olay
minerals carry a relatively high oharge density, a small
error results in assuming the surface charge density to bde
infinite. By retaining for mathematical simplicity, the
plane of infinite charge density as the origin of x , it
is possibdle to caloulate the position at which a plane |
having the oharge density of the clay mineral would ocour
with respect to the origin. Let x, be the distance from
the plane to the origin.

From Eq.(1) - i (21)

2 (17
oaa-n (g (22)

dxX /oo

From Eq.(15) and rearranging

T — /;n, DT CGS&VP.&K“‘.) (23)
a =&/_LL?._T_‘s_:_\s;r_ @'. (24)

- . Y, == DT (25)
2WwWzed

In soil water interaction, however, an overlapping
of the diffuse doudble layer ocours if the particles are in
close proximity, and the boundary conditions must be revised
for the solution of Eq.(7).

* 0 = surfece charge density of the aleay



Referring to Fig.4, these oconditions are expressed as:
l. When J‘* — O X e X and’ Y.V
2. When * oo K e © and Y o0
~ x -

7 ‘Ng ‘P.

2d

) L3

%= o Wit X% 2d

X —

ngI!.Variation‘mectrio Potential xlbotwoen parallel plates

Subetituting d% . o when 'Ya.¥. in Eq.(13)
.8

gﬁ_ - — K /zc.:dn( - cosbve (26)
X

. \ )
C. g_i______ N [ Fdx (27)
,Zmby;cosGYe _ oo

The solution of Bq.(27) gives (see Vérwsy and Overbeek 1948)

v
\KYG - zcxp.(-Y,é) g‘ﬁ - :Piz\(;) sm.r; (28)

where sw'% - __ii%.gz_:cY))
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The application of Equation (28) in practice can be simplified
by the substitution of the Langmuir approximation and by a
sunnation of the potentials due to single i:artioles. The
summation of separate potentials is obtained from Equation (20)

which becomes-

Y o AxT \a, [cofb([gﬁ_.‘_o— 'i‘)] (29)

where )X, 1s the half distance between particles(Referring to
Fig.4 X;=d ), Bquation (29) is valid only if v < !

The interacting region between the two planar inter-
faces will have a potential equal in sign to the charge on
the plates., When the distance between adjacent plates is small,
the number of ions with sign similar to that of the plate will
be substantially reduced. The Langmuir approximation assumes
that presence of ions of the same sign as the charge on the

plate can be neglected. Hence Eq.(9) bdecomes-

f5 - emgmm e oo
- \Kf _%?.ﬂ
. .(%_1‘ - ey +c (31)
X
Referring to Fig.4 when HJ_Y__o )y Y= Ye
4
. . ’ ejl_)‘ = ‘K‘ [e&f—(Y) - C&P(Y.)] (32)
£
L dye - K [ enp () = expve) (33)
dx '

andj____ix_____ - -j,\(_d, (34)

\
|
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let U - exp(y) (35)
o dew =y
Differentiating i du ‘\T (38)
w

Substituting (36) in (34)
w g,
Integrating both sides of (37) and substituting (35)

K« a zexp. (- /p) Yan® [eef(T-\r‘)_s]uz + C (38)

From Fig.4 when x= o - ~' 0O =
e x y Y oo and 4un—'oo LA

-t %
4V 2exp (Yo h) dan [eq:(s(-y‘) -\] - ocp.(-\f,/b (39)
To obtain an expression for the potential at mid.plane the

following values are established ' —
When Y =\(‘ 1 WY = 7(<

. . . _kx, = _T exPQYg/z') (40)
\ Ye =" 2 |n.%§ (41)

Substituting for v Ve = 2KET Ia,(jéx‘> ‘ (42)
ie w

valid only when e \

The acouracy 61' the approximation methods are
demonstrated in Table I from which it is evident that as the

Langmuir approximation becomes untrustworthy, the summation
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of separate potentials may be successfully applied.

Ky‘ Y. from Eq.88 |from LY:ngnuir krrom ;()‘tontials

4 0.18 -- 0.15

3 0.40 0.10 0.40

2 0.98 1.03 1,10

1,5 1.50 1.48 1.70
1.0 2,30 2,38 3.10

«75 2.85 2,86 4.1

.50 3.60 3.68 5.6

Table I,

Ccomparison of midpoint potential from
Langmuir approximation and summation

of Separate potentials,
By using the equations derived above (viz.(29) end

(42)), it is possible to predict the effect of such variables
as jonic concentration, valence, and temperature of the liquid
phase of a well oriented pure clay-water system on the electrio
potential between mineral particles.

It should be emphasized at this point that the writers
have besn careful when referring to the use of the Gouy-Chapman
theory for analysis of soil water interastion to limit its
applicablility to ocertain particular clay-water systems. Ior
the Gouy-Chapman theory to be quantitatively applied to soil
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water systems the basio assumptions made in its derivation
must be satisfied. Not all oclay minerals are plate shaped
and have}nogativo éharge at thelr faces., In addition, the
degree of randomness in partiole oriemtation plays an
important role in the effectiveness of the theory's applica-
tion. Commonly ococurring clay minerals (particularly
montmorillonite) have a high surface charge density and the
theory is generélly applied to soils consisting of such
minerals. It can be seen that flocculated soil suspensions
in which a high degree of rendomness in particle orientation

exists, 4o not satisfy the basic assumption. Such an
arrangement would tend to be present in a Kaolinite mixture

due tp the presence of edge charges and attractive forces.
However, if the system is sufficiently dispersed, a qualita-
tive analysis of soll water interaction can be arrived at by
using the Gouy-Chapman theory to determine certain components
of particle reaction. On the other hand, dispersed clay
water systems consisting of Montmorillonite minerals in whioch
there is a high degree of particle orientation, justifty
application of the Gouy-Chapman theory if the ionic concentra-
tion of the pore water is low and the eleoctrolytes are mono-
valent. When the ionic wvalence is greater th;n unity the
particles aggregate into small packets which act in unison.
Montmoxrillonite clays are known for their high

swelling properties. When such a soll is wetted a large

12«



volume inorease takes place. If this volume increase is
restricted, a pressure is developed and is generally referred
to as the swelling pressure. This effect is attributed to
the movement of water into the area between particles in
attempting to satisfy the diffuse double layer requirement of
the individual clay minerals. The area between the adjacent
particles has a higher solute concentration than in the
external solution, and these ions are unable to diffuse freely
into the bulk solution. As a result, an osmotic effect is
established and can be expressed quantitatively by the equation
of Vant Hoff, which states:

P o kT (n;_ n,) (43,

Where PP is the force per unit area required to keep

individual particles at a spacing of 2d as in Fig.4.

From Bq.(2) N - 0, &P, (t%f_‘t’}_)

oonsidering both anions and cations of a symmetrical

electrolyte M- N [oqz@. g}%&)_‘_ mp(_'z*ﬁ__?,?] (44)

,

. . P= zkT n, (cosh v, — |> " (45)

The swelling pressure as expressed in Bquation (45) is a
measurable quantity in a pure oclay water system. Hence, it
is possible to ocompare measured and calculated values dy the

use of Bquation (45). This has been done successfully and



has been found to be in close agreement.

There have been a number of questions raised as
to the validity of the equations derived in the Gouy-Chapman
theory. ©Equation (3) states that the work required to bdbring
an ion into the region of the charged plate is attributed
solely to the potential energy of the ion with respeot to the
faces of the plates. However, the Coulombic energy of the
ion in the electric rield resulting from interaction between
particle and cqunter ion, the polarisation energy of the ion
in the electric field, the energy of electric interaction
between ions, and the repulsive energy resulting from short
range interaction between ions have besn neglected. These
energies, at rirst glance, would appear to contribute a
substantial percentage of the work required to dring an ion
into the diffuse double layer. Hywevers Bolt 1955, concludes
that the above energies tend to cancel each other and that
the Gouy-Chapman theory can be accurately applied to colloid
systems where the surface charge density does not exceed-
2-3x10 Ae_.

ens?*
Another apparent fallacy is that the dieleotrio

constant of the media separating adjacent plates is constant.

In applying Equations (29) and (42) to physical models, the
value of dielectric constant "D" is taken as that of the

solvent. The effect of electrolyte concentration on dieleotrio
constant of aqueous suspension is well known. (Hasted et al 1948).

The ionic concentration in the diffuse double layer 1s greater



than in the external solution and increases as the face of
the charged plate is approached. From this it would appear
that substitution of the standard value of "D" (i.e. thet
of the solvent) in Bquation (29) or (42) should yield a
variation between caloulated and measured values of potential ¢,
The field strength within the diffuse double layer is
relatively high, and one would expect further variation in
dielectric constant in this area due to dielectric satura-
tion. The effect of dielectric saturation has been investi-
gated by Graham 1954 who finds that correction of the
dielectric constant is unnecessary, and that by using the
solvent value of "D" in the Gouy-Chapman theory, close agree-
ment between measured and calculated values will be obtained.
Although the dielectrio constant in the diffuse double layer
is not in faot constant, the effect of its variation within
the 4 1ffuse double layer does not make itself felt on the
measurable quantitles. As to the validity of the Gouy-Chapman
theory, the writers find support from Grahams 1954 who states
that-

"The classical theory of the double layer is more

reliable in practice than has been generally

supposed or than one might expect from the rather

dubious charaoter on which the assumptions are

based. In partiocular, the theory assumes that

the work needed to transport an ion of charge ge



"from the interior of the solution to a region
of potential W 1is ze¥ , The potential ¥
is assumed to vary along one coordinate only
and is supposed to be influenced by the
approach of the ion in question. These are
assumptions inherent in the use of the Poisson
Boltzmann equation and are therefore fundamental
to the Debye Huckel theory of interionic
attraction as well. The success of that theory
gives probr of the praotical validity of the
above stated assumptions regardless of their
debatable logical funotion.”

However, the Gouy-Chapman theory has never been
veriried for variation in temperature. Since this theory
can be accurately applied to certain pure clay-water systems
to explain interpartiocle action under normal conditions, and
since an understanding of soil-water interaction at depressed
temperatures is required, it is necessary to test experiment-
ally the validity of the theory at depressed temperatures.

A portion of the study will deal with an analyais of the
Gouy-Chapman theory for depressed temperatures. Experiments
have been devised so that measured values of swelling pressure
ocan be compared to the values caloulated from BEq.(29) (42) and
(45). At the same time the effect of temperature on the
swelling pressure of a well oriented pure clay water systen

can be evaluated.
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EXPERIMENTAL ANALYSTS

Sinoce the Gouy-Chapman theory is to be tested by
evaluating the effect of temperature on the swelling pressure
of a saturated montmorillonite system, the conditions of
testing in the laboratory must at all times conform to the
basic assumptions of the theory. To attain this, it was
necessary to design a system by which temperature controlled
measurements of the swelling pressure of a well oriented
pure clay sample could be obtained at various ionioc oconcen-
trations and particle spacings. The preparation of oriented
clay samples requires special technique which is descorided
later under the section headed "Sample Preparation".
APPARATUS. The apparatus* consists of 2 portions-

A, A plexiglass swelling chamber enclosed in en
insulating box contalning a constant tempera-
ture bath and a ffeezing ocoil.(Fig.l Appendix).

B, An external system of valves and pressure
tubing connected to the above and to a mercury
manometer and compressed slr ceylinder.

(Fig.2 Appendix).

Seotion "A" of the apparatus ocontains the soil
sample and allows for expansion and contraction of the soil
sample at various temperatures, The amount of expansion

or ocontraction and the pressure in the swelling ohamber is

.17-

recorded in Section "B" of the apparatus.(Refer Fig,2 Appendix).

* Flgures and pilotures of apparatus, eto. are to be found
in the Appendix,
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The swelling pressure chamber consists of a plexi-
glass oylinder (;.n.l.zs", 0.D.2,25") with a removable cap
at one end which is held in place by two 41" dia. %" thiok
brass plates bolted together by four 4" § brass bolts.
Inside the cylinder there is a small stainless steel piston
whioch can be moved along the length of chamber dy forecing
or withdrawing mercury through the inlet provided on the
side of the chamber just above its base. The inlet is
connected to the external system (Mig.2 Appendix) through
the constant temperature bath and insulating box. The ocap
of the cylinder is made of plexiglass and consists of a
porous stone and an inlet at the top for saturation of the
porous stone, A porous stone is also set in the face of
the stainless steel piston and can be saturated through the
opening at the base of the chamber which is connected to the
piston by means of a coiled Tygon tube. The tolerance be-
tween the ciroumference of the stainless steel piston and the
walls of the chamber is ,005",Temperature measurements are

made within the chamber by means of a copper constantin

thermocouple which passes through the cap and sits on the face

of the porous stone.

When the plexiglass swelling chamber is assembled,
it sits in a oconstant temperature bath surrounded by a
freezing coll, The freezing coll is capable of operating

from room temperature to =40° F. with a minimum fluoctuation



of .5° F. The comstant temperature bath is insulated and
contains an agitator and thermometer, The soil sample is
Placed in She swelling chamber between the porous stone of
the cap and that of the stainless steel piston and can be
saturated by introducing the saturating fluid at (13) and
applying a vacuum at (6).(Refer Fig.l Appendix). Inlet
(13) is connected to the salt solution source which is made
accessible by using valve (A). (Fig.2 Appendix). 1Inlet (6)
is connected to a vacuum pump by way of a salt solution
trap which allows the saturation fluid to be colleocted and
removed for analysis after it has been passed through the
so0il sample.

Due to the necessary insulation, when the apparatus
is in operation volume changes of the sample cannot be 0b-
served in the chamber. Referring to Fig.2 Appendix, the heavy
lines in the system indlcate that this portion is saturated
with mercury and as a result any change of volume occurring
in the chamber will be indicated by either a rise or fall of
the level of the mercury in Column (3). The ratio of the
cross-section of area of the chamber to that of Column 3 1is
such that a amall volume change of the sample in the swelling
chamber will cause a large change in the level of mercury in
Column 3, thus, allowing an acourate measurement of the volume
change of the sample to be obtained. The piston is moved up
and down in the chamber by varying the pressure on the merocury

«l9=



in Column 3 by use of valves (J) (K) (M) and (N). The
mercury manometer is used to record the swelling pressures
and can measure pressures in excess of 10 atmospheres to
the nearest millimeter of mercury. The swelling pressure
of the soil sample is measured in Column 2. Column 3 can
then also be used in the measurement of swelling pressure,
but its use will tend to yield less acourate values than
by Column 2,
SAMPLE PREPARATION

Samples are made up from the less than two miocron
fraction of Wyoming Bentonite, supplied through the courtesy
of the G.F.Pettinos Co. Ltd, This particular clay has been
found to contain very little impurity and the only initial
purirication required before separating the less than two
mioron fraction consists of washing the raw clay in distilled
water. Separation of the less than two micron fraction
oconsists of dispersing a small amount of the clay in distilled
water (less than 2% clay by weight) and siphoning off the
upper portion of the mixture at selected intervals of time,
Stokes law is used to obtain the approximate depth at which
siphoning should take place. The clay is then rendered homo-
ionic by passing the collected supernatant through Ng -
saturated exchange resins,

A parallel oriented sample is obtained by allowing
the clay suspension to settle slowly in a small plexiglass
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Sube whioch has its bottom end sealed by a cellophane membrane.
The plexiglass tubes are placed on top of a drying oven with
an air space being provided between the cellophane membrane
and the top of the oven, Evaporation takes place slowly
resulting in a wafer-like clay plate which can be removed
from the tube by removing the ocellophane membrane. The plexi-
glass tubes are 11" long and have an internal diameter such
that the clay wafer can be fitted neatly into the swelling
¢hamber., Individual samples consist of several wafers stuck
together by spreading a thin film of distilled water over
the face of each wafer and pressing them together.
PROCEDURE.

The apparatus is first calibrated for the experi-
mental conditions so that inherent effects of the system
such as that of temperature on the volume change of the
meroury in the swelling chamber can be allowed for. A bdbrief
outline of the procedure for measuring swelling pressure
with the apparatus follows: (Refer to Fig.2. Appendix). The
swelling chamber is assembled in the constant temperature
box with the freezing coil and accessories in place. The
chamber is connected to the external system through the
insulating box and the mercury lines saturated. The stain-
less steel piston is brought to the zero position by allow-
ing meroury to enter the chamber (through (7) Fig.l Appendix),

and the level recorded in Column 3. The porous stones and

«2le
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saturation lines are saturated with distilled water.
Millipore membranes cover the porous stones to prevent them
from becoming oclogged with clay. The sample is placed in
the chamber and the cap bolted securely into position. The
sample is then saturated (Valve C closed) with distilled
water (a small volume change takes place in the sample
during this process). On saturation, whioh can be predicted
by observing the pressure gauge, the sample is slowly
expanded to a predetermined value by opening valve (C) and
(H) and using the compressed air oylinder and valves (J)
(K) (M) and (N), When the required expension has been ob-
sained all valves are closed and salt solusion is passed
througﬁ the sample by opening valves (A) and (B) and apply-
ing vacuum until anslysis of the solution in the trap indiceates
that the sample has been effectively saturated.

The swelling pressure of this volume expansion is
obtained in the following manner:

When the reading on the pressure gauge 1s oonstant,
the mercury manometer is pumped up by the ocompressed air
| oylinder to a pressure slightly greater than that indicated
on the pressure gauge. The manometer is then allowed to exert
this pressure on the soil sample through Column 2. Sinoce
valves (A) and (B) have been olosed previous to this time,
no compression of the sample will take place. The exocess

pressure of manometer is slowly dissipated through (F) and (G)
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until a small movement in the level of meroury in the glass
capilliary portion of Column 2 is observed. (The meroury
level here is always kept at the same level as that in the
chamber). As a change in level 2 oococurs, valve (G) is shus
and the manometer reading is obtained. This value is the
swelling pressure of the sample for the particular sSempera-
sure, salt conoentration and soil volume. ‘

The temperature of the sample is then deoreased
%0 a predetermined value for this soil water system and the
swelling pressure is obtained as desoribed. Swelling
pressures will be obtalned for several temperatures, partiocle
spacings and salt conocentrations. These will be compared
with caloculated values obtained from Egqs. (29) (42) and (45).
The salt concentrative will range from .0lM to .00lM Na Cl
and temperatures from room temperature to -10°C or lower if
necessary. The degree of particle orientation obtained in the
special preparation of sample can be cheoked by checking the
system for hysterisis losses,

The volume expansioﬁ of the sample can be related
to individual particle spacing if the dry weight and thick-
ness of the olay plate, and the volume of soil and water in the
chamber are known at all times. Such properties of the clay
as oation exchange capacity, and specific surface area of
the clay used in the experiments will be available from a
separate study being carried out on the permeability of clays.
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This study will also provide X-ray diffraction studies of
the clay which will be useful in ohecking interpartsicle

spacings in the swelling chamber.

CONCLUSION

An apparatus which will measure efficiently the
swelling pressure of a well oriented pure clay water system
at depressed temperatures and various salt concentrations
has been designed and construoted in an attempt to evaluate
soil-water interaction at depresseﬁ temperatures. A$ the
same time the work will provide an amnalysis of the validity
of the Gouy-Chapman theory for depressed temperatures.

The Gouy-Chapman theory is well known for its
application %0 ¢lay soils in explaining soil water interactsion
at normal temperatures and conditions. However, the theovry
has never been verified for change in temperature and predioss
that as temperature decreases, the swelling pressure also
decreases., The writers believe that swelling pressures will
decrease as temperature decreases, in accordance with the
theory, until the oritical temperature at which the pore waser
freezes 1s reached., This temperature should be marked by an
inorease in pressure.

Studies relating the guantity of unfrozen water
in a frozen soil-water system with initial water contens
(Yong 1960) have shown that the degree of particle interaosion

resulting from interparticle forces of attraction and repulsion



i

Plays an important role in soil freezing. The extent %o
whioh inSerparticle foroes can be fels can well be measured
by 1solating these forces - as such has been the case for
thisstudy. Existing theories fail %o provide for temperasure
corrections in most cases and unless extensions of these
theories are made, computations of resultant interpartsicle
action from theoretical considerations cannot be made with
full confidence.

The writers propose to study a particular purified
olay whose properties are well known and have examined the
Gouy-Chapman theory with specific reference to temperature

effects,
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